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TRANSCRIPTIONAL REGULATION DURING THE DEVELOPMENT OF
SURGICALLY-INDUCED OA IN MICE
R.F. Loeser, Jr. 1, A.L. Olex 2, M. McNulty 3, C.S. Carlson 3, M. Callahan 1,
C. Ferguson 1, J.S. Fetrow2. 1Wake Forest Sch. of Med., Winston Salem,
NC, USA; 2Wake Forest Univ., Winston Salem, NC, USA; 3Univ. of
Minnesota, St. Paul, MN, USA
Purpose: Previous microarray studies have identiﬁed the differentially
expressed genes in a single tissue (e.g. articular cartilage) usually at
a single time point during disease development. The purpose of this
study was to identify genes regulated during different stages of the
development of surgically-induced OAusing RNA isolated from the joint
“organ” in order to discover novel pathways that are active in the
disease process.
Methods: 12 week-old male C57/BL6 mice underwent surgical desta-
bilization of the medial meniscus (DMM) to induce OA or sham surgery
as control. Joint tissues were collected for isolation of RNA (n¼9 mice
per surgical group per time point) pre-surgery (time 0) and at 2, 4, 8,
and 16 weeks after surgery and for histological analysis of OA severity
(n¼6 mice per surgical per group per time point) at 2, 4, 8, and 16
weeks. RNA used for microarrays and real-time PCR was isolated from
joint tissue collected from the medial side of the joint, including
cartilage, meniscus, subchondral bone, and joint capsule with syno-
vium. RNA was pooled from 3 mice for each array and 3 arrays were
performed for each group at each time point. Data from one pool at 2
weeks could not be used due to a poor quality array. Signal log ratios
(SLR) of DMM/sham were calculated using normalized array data.
Genes passing a detection ﬁlter, SLR ﬁlter (0.5 or 0.5 for at least one
time point in all 3 pools), and a consistency ﬁlter were used for
computational analysis to identify patterns of gene expression and
functional classiﬁcation using DAVID.
Results: Histologic evidence of OA, including cartilage lesions and
osteophytes, was present in the medial tibial plateaus (MTP) of the
DMM knees beginning at the earliest (2 week) time point and becoming
progressively more severe by 16 weeks. Osteophytes were mostly
cartilaginous at 2 and 4 weeks, started to ossify by 8 weeks and were
much larger at 16 weeks. A total of 427 genes passed the consistency
and signiﬁcance ﬁlters (Fig.1). There were more upregulated genes than
downregulated at all time points except at 8 weeks (17[, 53Y) with the
most up at 4 weeks (336[,33Y) followed by 2 weeks (174[,12Y) and 16
weeks (84[,2Y). Consensus clustering found 27 clusters with 2 or more
genes. Clusters with signiﬁcant DAVID annotations included clusters 1
and 2 with genes upregulated at 2 and 4 weeks (morphogenesis,
differentiation, development, collagen, and ECM genes includingsyndecan 4, biglycan and EGFR). Cluster 3 had genes highly upregulated
at 4 weeks and down at 8 (transcription regulatory genes including Atf2
and NFkB activating protein) while Cluster 7 had genes highly down-
regulated at 8 weeks (cell division and cytoskeleton). Both COMP and
MMP-13 were found in cluster 8 which were genes upregulated at 2, 4,
and 16 but not 8 weeks while cluster 15 had genes highly upregulated at
16 weeks that included Prelp (involved in collagen binding), Col3a1 and
ﬁbromodulin.
Conclusions: The results support a phasic development of OA with
early matrix remodelling and transcriptional activity followed by
a more quiescent period at 8 weeks and then a return to matrix turn-
over at 16 weeks. This could be related, in part, to the development of
osteophytes which appeared to form by 2 weeks but were more mature
by 8weeks, perhaps temporarily stabilizing the joint. Further analysis of
this dataset is ongoing to discover the signaling networks active during
the development of OA.
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PRECLINICAL INVESTIGATION OF THE DEVELOPMENT OF
OSTEOARTHRITIS-LIKE DEGENERATION IN A RAT TRAUMA MODEL
USING MICRO-COMPUTED TOMOGRAPHY
T.H. Steiner 1, R.J. Choo 1, A. Quintin 2, M. Wilke 2, D. Nesic 2,
M. Zulliger 3, R. Müller 1, K.S. Stok 1. 1 ETH Zurich, Zurich, Switzerland;
2Univ. of Bern, Bern, Switzerland; 3 SCANCO Med. AG, Brüttisellen,
Switzerland
Purpose: Osteoarthritis (OA) is a slow-developing, chronic disease,
accompanied by articular cartilage breakdown and adaptation in the
subchondral bone. Current efforts in clinical research aim to identify
disease-modifying osteoarthritis drugs (DMOADs) that are sensitive to
the structural deterioration underlying pathophysiological progression.
In preclinical research, histology is used to grade disease, but is
essentially destructive and limited to information present in the cutting
plane. Micro-computed tomography (microCT) allows 3D assessment.
Recent advances involving contrast agents to quantify glycosamino-
glycan content and cartilage volume have been identiﬁed. The challenge
when using microCT, is in clearly deﬁning the cartilage boundaries, and
solving this would allow more accurate predictions of OA in preclinical
animal models. This work presents a method for delineation of carti-
lage, bone and joint space for quantitative assessment.
Methods: Four 3 month-old male Wistar rats underwent medial
meniscectomy/ACL desmotomy to destabilise the right tibio-femoral
joint, and were sacriﬁced 6 weeks post-surgery. Seven healthy rats
served as controls. The joint space was ﬁlled with a contrast agent. It
was then immersed in 60% Hexabrix (Mallinckrodt, USA) overnight,
before scanning with microCT (SCANCO Medical, Switzerland; 10 mm
voxel size).Figure 1. Sagittal cut through a knee joint with microCT and contrast agent. F: femur,
T: tibia, CA: contrast agent, M: meniscus, Cg: cartilage.
